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j.2013.02Abstract In construction projects, changes are very common and likely to occur at any stage of the
project.
Most changes, if not managed properly through a formalized change management process will
have considerable impact as they disrupt work and affect its orderly sequence, adversely impacting
productivity and accordingly causing schedule delays and cost overruns.
Managing changes effectively is crucial to the success of a construction project.
This research is targeted at providing a deeper insight into the change orders (CO) in the large
building construction projects according to the different parties involved (owner, designer, consul-
tant and contractor) with respect to the Egyptian industrial construction sector. A questionnaire
survey discussing all persistent aspects of change order with a selected sample of Egyptian construc-
tion contractors companies was conducted in order to have a good representation for all the entities
working in the construction industries. The Questionnaire was sent to consultants, designers and
others working in the ﬁeld. Results revealed the main causes, effects and controls of the change
orders in large building projects. The study also evaluates the change orders control of a selective
sample of contractors and investigates their change management efﬁciency by applying an evalua-
tion check list based on most of the evaluation criteria recognized.
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.005Introduction
Decisions are made every day in construction processes based
on incomplete information, assumptions and the personal
experience of the construction professionals that might lead
to change and/or rework. Both change and rework are done
in the form of either ‘adding’, ‘deleting’ or ‘replacement. How-
ever, given the same problem, they have different behavioral
patterns. In construction, change option is the more generalction and hosting by Elsevier B.V. All rights reserved.
Table 1 Questionnaire Return Rate.
Group Questionnaire
sent
Responses
received
Response
rate (%)
Proportion
(%)
Contractors 35 27 78 39
Consultants 30 21 70 30
Designer 17 15 88 21
Others 8 7 87.5 10
Total 90 70 80.9 100
78 M.M. Anees et al.one. Since construction has a physical manifestation, construc-
tion rework is usually accompanied with the demolition of
what has been already built, which normally has a bigger direct
impact on the construction performance than the change
option [4].
A degree of change should be expected since it is difﬁcult
for the clients to visualize the end product they requested.
These changes are commonly referred to as change orders
[2]. Critical change may cause consecutive delays in project
schedule, re-estimation of the work statement, and extra de-
mands of equipment, materials, labor, and overtime. Changes,
if not resolved through a formalized change management pro-
cess, can lead to big number of claims and disputes. Studies re-
vealed that improving the administrative process of change
orders is beneﬁcial in reducing the cost and risk for all the pro-
ject participants and encouraging a more trustful relationship
[1]. There have been numerous articles written on changes,
change orders and change management in construction. Most
of the written articles discuss the legal aspects of changes such
as claims and disputes. Many other articles were devoted to the
discussion of the effects of changes on labor productivity [3,4].
Objectives
This Study has the following three main objectives:
 To identify the most important causes of change in
construction projects.
 To determine the effects of change on construction
projects.
 To evaluate the efﬁciency of the change management
process through the organization of construction
contractors.
Methodology
To achieve the research objectives, a questionnaire [2,3,4,5,6]
survey was conducted on a selected sample of construction
experts. In order to have a good representation for all the enti-
ties working in the construction industries, the Questionnaires
were sent to consultants, designers and others working in the
ﬁeld (e.g. project management ﬁrms). The respondents are di-
vided into four groups; contractors, consultants, designers and
others as project managers and investors. The returns from the
four groups are shown in Table 1. Table 1 shows an average
response rate of 81%. Twenty seven responses from 35
contractors, 21 responses from 30 consultants, ﬁfteen respon-
dents from seventeen designers and seven responses from eight
others were received.
The distribution of the level of experience for contractors,
consultants, designers and others is shown in Table 2. From
the table, we can notice that almost all the respondents had
either experience between 10 and 20 years and more than
20 years which strengthens the result obtained as their re-
sponses were based on sufﬁcient years of experience that al-
lowed them to digest the question well and givea precise
answer.
Results obtained from the questionnaire fulﬁlled the ﬁrst
two objectives. The third objective was accomplished by pre-
paring an evaluation check list and applying it over selectedprojects. Four projects were selected from the 27 contractors
to be evaluated regarding the management efﬁciency of the
change management process. The selection of these projects
was based on the following criteria in order to cover all the
project types; one project at least from each project type. Sec-
ond, the project construction type should be new (not addi-
tion, extension or renovation) as it represents the majority of
the projects collected (around 80%). Third, the owner type
should be private which represent 83% of total project owner
type. Fourth, the contract type should be unit price as it is the
most popular and common contract type used.
Change order data
The questionnaire was structured in three sections (A, B and
C). The ﬁrst section of questionnaire (A) provides data regard-
ing the personal information of the surveyed respondents. The
second section (B) consists of four parts, ﬁrst part discusses the
results on general information about project data, project
types, type of construction, project size, owner type and con-
tract type. These features are thought to have a bearing on
the change orders’ magnitude and consequences. The rest of
the section highlighted some of the main procedures of CO.
Among these procedures are change initiation, compensation
method, change approval and change driving factors. A care-
ful analysis of these data showed some important ﬁndings.
For instance, the average percentage of change order initiated
categorized by parties is shown in Fig 1. From the ﬁgure we
can notice that the owner is considered to be the highest
change initiator (48%), followed by the contractor (36%)
and the lowest number of change orders initiated by the con-
sultant (16%).
The compensation method for the change order is shown
on Fig. 2. From Fig. 2, we can notice that the most common
method for compensation is the negotiated ﬁxed price (Lump
sum) at 49%percentage. .
On the other side, ﬁxed unit price, adjusted unit price and
actual cost plus margin were ranked at percentages of 26%,
11% and 14% respectively.
The percentages for change order proceeds without written
approval are shown in Fig. 3.From Fig. 3, we can notice that
the majority (73% of the respondents) said that the only way
to proceed with the change order is the written approval. These
results emphasize that the verbal instruction is not accepted
and if so it will be for urgent changes only and done by the em-
ployer only under speciﬁc conditions.
The percentage of how many approvals are required for
change orders is shown in Fig. 4. From the previous ﬁgure,
we can notice that most of the respondents, about 93% said
Table 2 level of experience for the surveyed experts.
Type/years
of experience
<5 years 5–10
years
10–20
years
>20
years
Total
Consultant 10 11 21
Contractor 14 13 27
Designer 2 11 2 15
Others (PM, suppliers,
applicator. . .etc.)
4 3 7
Grand Total 2 39 29 70
Fig. 1 Percentage of change initiated by each party.
Fig. 2 Compensation method for change orders.
Fig. 3 The percentages for change order proceeds without
written approval.
Fig. 4 The percentages of how many approvals are required for
change orders.
Fig. 5 Conditions of work relations.
Fig. 6 The primary driving factor for change orders.
Fig. 7 The percentage of the change order generated from
construction craft.
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der. While none of the respondents chose the ﬁrst option (only
one approval is required) this indicated that change order is
such an important document that it needs more than one level
of responsibility to revise it.
Fig. 5 shows the histogram of the relation between the prin-
cipal parties in the construction process, owner, contractor,
consultant and the project manager. From the previous ﬁgure,
we can notice that 51% of the respondents had chosen eitheran excellent or a very good relation for the working relation
between principal parties and the rest (49%) had chosen good
while none of respondents stated that the relation can be fair
or poor. This indicates how the working relation between par-
ties is very important to the beneﬁt of any project and how all
the parties agreed to have a good working relation. This factor
Fig. 8 The relative indexes for each cause of the change order.
80 M.M. Anees et al.is considered very important in the management of any con-
struction project.
The primary driving factor for change orders is shown in
Fig. 6. From the ﬁgure we can notice that 83% of the respon-
dents said that cost is the greatest driving factor for change or-
der. This indicates that the greatest driving factor for change
order is the cost.
The distribution of the change order that is generated from
the different construction crafts (Architectural, structural,
Electrical, Mechanical and Finishes) is shown in Fig. 7. As
seen from the histogram, we can notice that about 68%
(49% from mechanical and 19% from electrical) of the respon-
dents considered that electro-mechanical is the greatest changeHence, as evident from the previous figures, the ca
descending order for each agent are: 
The Owner The Designer or the C
1 Change of mind 1 Communication 
2 Client satisfaction 2 Corrections 
3 Budget constraints 3 Unforeseen 
4 Others 4 Lack of understan
5 Unclear brief 5 Others  
Fig. 9 The relative indexesorder generating craft. These results are quite expected consid-
ering the nature of building projects.Causes leading to change order
A list of the greatest causes of change orders [2] were provided
to the respondents to choose the top ﬁve and then the Impor-
tance Index was calculated for each cause. Finally, such causes
were ranked and categorized based on their importance index.
Fig. 8 shows the relative indexes for each of the change or-
der causes. From the ﬁgure above the most important top ﬁve
concluding causes are as follows:uses of change order’s generation in 
onsultant The Contractor
1 Procurement approach 
2 Construction methods 
3 Remedial works 
ding 4 Forecast 
5 Others  
for causes of each party.
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(2) Error and omissions in design
(3) Value engineering
(4) Change in design
(5) Change of plans by ownerFig. 11 The percentage increase in the project cost due to the
change orders.Fig. 9 shows the most normal causes for each of the project
parties (owner, consultant and contractor). The relative index
for each cause is calculated and hence the causes were ranked.
Hence, as evident from the previous ﬁgures, the causes of
change orders generation in descending order for each agent are:Fig. 12 The percentage increase in schedule due to the change
order.The owner The designer or the
consultant
The contractor
1 Change of mind 1 Communication 1 Procurement
approach
2 Client satisfaction 2 Corrections 2 Construction
methods
3 Budget constraints 3 Unforeseen 3 Remedial works
4 Others 4 Lack of understanding 4 Forecast
5 Unclear brief 5 Others 5 OthersFig. 10 The perceFig. 10 shows the histogram for the level of the owner
involvement in the construction projects. The level of owner
involvement is expressed in terms of the stages in which the
owner gets involved in the process of design and construction
of the project.
From the results we can conclude that almost all the
respondents (99%) agreed that the owner got involved and
the majority (44%) chose that normally the owner got involved
in both stages of designing and construction.
Impact of the change order
Fig. 11 shows the histogram of the percentage increase in the
project cost due to the change orders. Cost overruns as a per-
centage of original contract value is classiﬁed into six catego-
ries, Below 0% (Saving), from 0% to 5%, from 6% to10%,
from 11% to 15%, from 16% to 20% and more than 20%.
Such categorization was based on what had been concluded
from the literature review and stated on the questionnaire
survey.ntage of the owner inFrom Fig. 11, we can conclude that the cost of the project
increased as an average between 11% and 15% due to change
orders. These percentages increase in the few past years due to
a lot of conditions, most of which are related to the causes that
always lead to changes.
Fig. 12 shows the percentage increase in schedule due to
change orders. Schedule overruns as a percentage of the origi-
nal schedule is classiﬁed into four categories, ﬁrst category is
less than 10%, second category is between 10% and 20%,
third category is between 21% and 50% and the forth category
is more than 50%.
From the previous ﬁgure we can conclude that the time of
the project increased as an average from 10% to 20% of the
original scheduled time due to the change orders. This percent-
age is considered to have quite a signiﬁcant impact that must
be considered by all the parties.
Fig. 13 summarizes the results of respondents who partici-
pate in the survey on the most prevalent effects of the change
orders on their large building projects. Relative indexes are cal-
culated for effects based on their importance indexes to iden-volvement during the project stages.
82 M.M. Anees et al.tify the precalence of the most important effects of the change
orders as stated .
Hence, as evident from the above ﬁgure, the top ﬁve effects
(prevalence) of change orders in descending order are1. Cost overrun (increase in project cost)
2. Time overrun (delay in completion schedule)
3. Disputes between parties to the contract
4. Quality standards enhanced
5. Complaints of one or more of the parties to the contractManagement and control of the change orders
In the third and ﬁnal section of questionnaire(C), the research
examined the responses from the contractors, consultants,
designers and the others on the change orders process control
and management. Fig. 14 shows the percentage of respondents
that agreed to have a contract clause for variation orders’ rules
and procedures as an essential feature of any construction con-
tract. From the chart we can notice that 89% agreed to have a
clause that regulates change orders as an essential feature of
any construction contract.
Fig. 15 is a graphical presentation for the relative impor-
tance of the change order success factors. A careful inspection
of this ﬁgure clearly shows that the ﬁve most important success
factors for change orders implementation in descending order
are:
(a) Fair Owner/Consultant/Contractor
(b) Eﬀective change management/control process
(c) Early detection of the change
(d) Discussion of change orders procedure/calculations
(e) Clear change order impact assessment processFig. 16 shows the percentage of the respondents that use aFig. 14 The percentage of respondents that agreed to have a
contract clause for change orders.well-deﬁned change order management system. From Fig. 16
we can notice that 43% responded that they do not have a well
deﬁned system. This signiﬁcant percentage reﬂects the
increased number of cost and schedule overruns due to change
order and hence conﬁrms the essential needs of having a
well-deﬁned system for handling the change orders.
Fig. 17 shows the percentage of the results of respondents
who participate in the survey on change order administration
and control. Survey questionnaires included ﬁve choices for
each point, Very Often, Often, Sometimes, Seldom and Never.Fig. 13 Relative indexes for the mosFrom the previous ﬁgure we can conclude that; Regarding
the clear procedures for handling change order from the begin-
ning, we can notice that about 76% replied that it is either
sometimes or seldom having a clear procedure for handling
the change order. For the change order’s approval is a matter
of time, we can notice that the majority (76%) either choose
seldom or never to consider change order approval based on
time which emphasizes the need of establishing a well-deﬁned
system for change. Regarding the change order negotiation
by a knowledgeable person, the majority (63%) said that
sometimes it is essential, this percent indicating that until
now the majority of people working in the construction ﬁeld
does not feel the importance of having such a position for it.
For the scope of change to be made clear, the majority, 89%
said it is either seldom or never that a change order is made
clear. On whether the pricing of the change order considers
the indirect effects, the majority (76%) said that it is either of-
ten or sometimes. Regarding whether all changes to the design
are checked and reviewed for justiﬁcation, most of the respon-
dents choose between the middle answers, which emphasize
that they are still not conﬁrmed. Finally, for any technique
used to track the cost of the change, the majority (64%) said
it is often considered that WBS or any other technique be used
to track the cost of changes.
Evaluate the contractor change management efﬁciency
Four projects were selected to be evaluated regarding the man-
agement efﬁciency for change order. The researcher prepared
an evaluation check list and applied its contents on selected
projects. The check list preparation was based on the practical
control systems concluded with the most appropriate re-
sponses of the questionnaire [2].t prevalent effects of change order.
Fig. 15 Relative indexes for the most important factors for change order implementation.
Fig. 16 The percentage of using a well-deﬁned change order
management system.
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will be evaluated are; Recognize Change, Evaluate Change,
Implement Change & Improvement. Each of the keywordsFig. 17 The percentage of the results on cmentioned has a direct impact over the management process
and therefore was considered.
Scoring
The total score is calculated for each case study, for ease of the
evaluation the researcher categorizes the results into three cat-
egories (A, B and C) as follows; If the score of the company is
between 75 and 100 this means that the company (contractor)
is categorized under class A which means that the company
(contractor) is using a well-deﬁned system and needs to sustain
it. If the score of the company ranged between 50 and 75 it
means that the company (contractor) is categorized under class
B which means that the company (Contractor) is using a sys-
tem but needs improvement. If the score of the company ran-
ged between 25 and 50 it means that the company (contractor)
is categorizes under class C which means that the company
(Contractor) is using a bad system and needs essentialhange order administration and control.
Table 3 Results of the selected projects in the evaluation check list.
Evaluation
No Question Case
study
no 1 (case70)
Case
study
no 2 (case23)
Case
study
no 3 (case32)
Case
study
no 4 (case 6)
Result Scoring Result Scoring Result Scoring Result Scoring
(a) Does the company clarify the procedure
for handling change orders
from the beginning of the project?
Very Often = 100, Often = 85,
Sometimes = 67.5, Seldom= 50, Never = 0
Often 85 Sometimes 67.5 Seld-om 50 Sometimes 67.5
(b) Change order is negotiated by
knowledgeable persons and
well studied persons? Very Often = 100,
Often = 85, Sometimes = 67.5, Seldom= 50,
Never = 0
Often 85 Often 85 Often 85 Sometimes 67.5
(c) Percentage of CO initiated by the contractor
to a consultant or designer (the percentage is
directly proportional to the eﬀective control
system for change)
2.4 times 85 67% 37.5 2 times 85 3 times 100
(d) Percentage of the CO raised due to
discrepancy between the document and the
site condition(the percentage is directly proportional
to the eﬀective control system for change)
67% 67 50% 50 50% 50 42% 42
(e) Pricing of change order considers indirect eﬀects
or not? yes = 100, no = 0
Yes 100 Yes 100 No 0 Yes 100
(f) All changes to design documents are checked and
reviewed for justiﬁcations Very Often = 100, Often = 85,
Sometimes = 67.5, Seldom= 50, Never = 0
Seldom 50 Seldom 50 Never 0 Seldom 50
(g) Does the company use any technique for tracking the cost
of change Very Often = 100, Often = 85, Sometimes = 67.5,
Seldom= 50, Never = 0
Seldom 50 Seldom 50 Never 0 Seldom 50
h) Does the company record the original document and
addenda done to it via change order? yes = 100, no = 0
Yes 100 Yes 100 Yes 100 Yes 100
(i) Does the company have a historical data base for
lessons learned which comprise any lessons learned
from scope change control? yes = 100, no = 0
Yes 100 Yes 100 Yes 100 Yes 100
Total score (based on mean) 80% 71% 52% 75%
Control system grade (A, B or C) A B B A
84 M.M. Anees et al.improvement. Finally if the score of the company is less than
25 this means that the company (contractor) is categorized un-
der class D which means that the company (Contractor) does
not have a system for managing the change.
The results received from the respondents are shown in
Table 3.
The results shown in Table 3 are found to be good indicators
ofwhether the company or contractor has a good control system
regarding the change in the work process or not. By analyzing
the results received, we can conclude that cases no 1 and 4 are
using a well-deﬁned system and need to sustain it. While case
no 2 is considered to have a good system but needs some
improvement and ﬁnally case no 3 (score 52) is considered to
almost have a system but needs essential improvement.
Conclusion
Change orders are inevitable in almost every day’s construc-
tion projects, during a construction project, many decisions
have to be made, often based on incomplete information,assumptions and personal experience of the construction pro-
fessionals. The causes of the change orders and their effects on
the project cost and schedule are complex and inﬂuenced by
numerous interrelated factors. Change management is a criti-
cal problem faced by the construction industry. It has been re-
vealed that improving the administrative process of change
orders is beneﬁcial in reducing the cost and risk for all the pro-
ject participants and encourages a more trustful relationship.
Based on the results presented in this study, the following
can be concluded:
1. The general industry information collected indicates the
following facts: contractors involved in large building
construction are large in size and most of them reported
over 10 years of experience. Most changes in large building
projects are electromechanical in nature. The working rela-
tion between principal parties in the construction process is
generally good. Results also indicated an active participa-
tion of owners during the design and construction of large
buildings.
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approval. Verbal instruction is not accepted and if so it will
be for urgent changes only and done by the employer only
under speciﬁc conditions. The most common method for
compensation is the Negotiated ﬁxed price (lump sum)
and cost is the most driving factor for change order.
3. The owner is the main source of changes in large building
projects. Change of the owner’s mind is the main cause of
change generated by owner. Consultant is the second major
contributor to changes. The top ﬁve important causes
among all parties are lack of coordination between contrac-
tor and consultant, error and omissions in design, value
engineering, change in design and change of plans by the
owner.
4. The average cost overrun due to change orders is shown to
be between 11 and 15% of the original contract value in
large building construction while the average schedule over-
run is shown to be between 10 and 20% of the original pro-
ject duration. The top ﬁve effects (prevalence) of change
orders are cost overrun, time overrun, disputes between
parties to the contract, quality standards enhanced and
complaints of one or more of the parties to the contract.
5. The results shows that most of respondents agreed to have
a clause regulating variation order procedures as an essen-
tial feature of any construction contract. The ﬁve most cer-
tain success factors for change orders implementation are
fair owner/consultant/contractor, effective change
management, early detection of the change, discussion of
change orders procedures/calculations and clear change
order impact assessment process.
6. Having clear procedures for handling the change order
from the beginning is barely found, never considered that
the change order needs timely approval, it is essential forthe change order negotiation to be via a knowledgeable
person, never considered that the scope of the change order
is to be made clear, the change order pricing barely consid-
ers the indirect effects and it is often considered that that
WBS or any other techniques be used to track the cost of
changes.
7. The study pointed out an evaluation check list that can be
considered as a good indicator of whether the company or
contractor has a good control system regarding the change
management and control process.References
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